Magnetorheological elastomers (MREs) are composites that highly elastic polymer matrices are filled with magnetic particles. These materials exhibit unique characteristics that their modului can be controlled by an external magnetic field. This paper presents analysis, fabrication and characterization of novel patterned MREs. By taking into account the local magnetic field in MREs and particles' interaction magnetic energy, the magnetic field-dependent mechanical properties of MREs with lattice and BCC structures were theoretically analyzed and numerically simulated. Soft magnetic particles were assembled in polydimethylsioxane matrix to fabricate new MREs with uniformly lattice and BCC structures, which were observed by microscope. The field-dependent modulus of the new MREs was characterized by a parallel-plate rheometer. The experimental results agreed well with numerical simulations. © 2013 AIP Publishing LLC. Abstract. Magnetorheological elastomers (MREs) are composites that highly elastic polymer matrices are filled with magnetic particles. These materials exhibit unique characteristics that their modului can be controlled by an external magnetic field. This paper presents analysis, fabrication and characterization of novel patterned MREs. By taking into account the local magnetic field in MREs and particles' interaction magnetic energy, the magnetic field-dependent mechanical properties of MREs with lattice and BCC structures were theoretically analyzed and numerically simulated. Soft magnetic particles were assembled in polydimethylsioxane matrix to fabricate new MREs with uniformly lattice and BCC structures, which were observed by microscope. The field-dependent modulus of the new MREs was characterized by a parallel-plate rheometer. The experimental results agreed well with numerical simulations.
INTRODUCTION
Magnetorheological (MR) materials, including MR fluids, MR foams and MR elastomers, are an important branch of smart materials [1] . For the past two decades, MR fluids have obtained considerable attractions and a variety of applications have been reported [2] [3] [4] [5] . MREs are composites that highly elastic polymer matrices are filled with magnetic particles. MREs and MR fluids have similar field response properties; however, there are some distinct differences in operating these two classes of materials. The most noteworthy is that MREs operate within the pre-yield regime while MR fluids typically operate in a post-yield continuous shear or flow regime. In other words, the 'strength' of MR fluids is characteristised by the yield stress while MREs are characterized by field dependent modulus. In the view of applications, MREs devices are used to adjust the nature frequency of a structure, which is dominated by the equivalent stiffness; while MR fluids devices provide damping function, which is the process of dissipating energy. Therefore, these two materials are complementary rather than competitive. Recently, MREs have found a lot of applications, such as vibration absorbers, engine mounts, and variable impedance surfaces [6, 7] .
In literature, both anisotropic [8, 9] and isotropic [10, 11] MREs were fabricated and their mechanical properties have been investigated analytically and experimentally. In analyzing the field-dependent modulus of MREs, a number of models were proposed based on the analysis of the dipole model for particle energy interaction. Jolly et al. [12] presented a pointdipole model, where the MR effect was studied as a function of particle magnetization. This model was borrowed from the previous studies on MR fluids. Davis [13] calculated the shear increment by using finite element analysis, which was for isolated single chains of periodically spaced dipoles. Shen et al. [14] fabricated MREs with polyurethane and natural rubber matrix and presented a mathematical model to represent the stress-strain relationship of MRE. This model takes into account all the dipole interactions in a chain. Zhang et al. [15] proposed a model considering the local field. It is noted that these modeling studies are based on the assumption that MREs only have simple chain structure, where all particles are located within chains. There are very few reports in discussing the influence of other chains and in predicting the field-dependent properties with other complex structures. It may be due to the fact that it is difficult to find an effective fabrication technique in developing MREs with precisely controlled structures. Also, the modeling approach on the field-dependent properties of MREs with complex structures is very rare. This paper consists of two major parts. 
